In the present study, the growth performance of a calf produced by mating a somatic cell cloned dam and sire was compared with that of its full siblings produced by mating the cattle used as nuclear donors for the cloned animals. The somatic cell cloned dam and sire were derived from cultured cumulus cells and ear cells, respectively. The cloned dam was artificially inseminated with semen from the cloned sire. A female calf was produced that was reared under general group feeding conditions. The calf was subjected to a clinical examination and to hematology, serum biochemistry, and telomere length analyses; all of these tests indicated that the calf was normal. The growth characteristics (body weight and shoulder height) of the calf fell within the range of the full siblings of the same sex produced by mating the animals used as the nuclear donors of clones. These findings suggest that the same breeding performance is expected from mating a cloned dam and sire as from mating the animals used as nuclear donors for the clones.
There are a number of potential advantages that come from the use of cloned livestock, for example, making genetic copies of elite seed stock [10] and preservation of endangered breeds [11] . However, for these purposes, it is inevitable that it will be necessary to mate pairs of cloned animals. This prospect raises the question of whether mating a pair of clones will produce an increased risk of lethality in their offspring. To quantify the risk, it is clearly essential to study the offspring produced by cloned dams and sires. To date, however, the available information is limited to two studies, one in cattle [12] and the other in pigs [13] .
This study was initiated to compare the growth performance of offspring obtained by mating a pair of cloned cattle with that of full siblings produced by mating the nuclear donors of the cloned animals. The results of this comparison should be of value in resolving arguments concerning the use of somatic cell cloned cattle as dams and sires in animal breeding systems.
Materials and Methods

Production of the dam and sire by somatic cell cloning
Somatic cell cloned male and female calves derived from Japanese Black beef cattle were produced as described previously [14] . In brief, a male clone was produced using biopsied ear cells collected from a bull. The biopsies were placed in Hanks' solution (Gibco, Grand Island, NY, USA) and treated with collagenase, Type 1 (1 mg/mL, Sigma Chemical, St. Louis, MO, USA), for 30 min at 37 C. The resulting separated cells were then cultured in Dulbecco's Modified Eagle's Medium (D-MEM; Gibco) supplemented with 10% Fetal Bovine Serum (FBS, Gibco). To produce a female clone, oocyte-cumulus complexes were collected from a donor cow by the ovum pick-up technique [15] . Cumulus cells were removed from the complexes and cultured in DMEM/F12 (Gibco) supplemented with 10% calf serum (CS; Gibco). The cells were passaged several times before being induced into a quiescent state by culturing for 5 to 10 days in medium with 0.5% CS. Donor cells from the ear biopsies and cumulus cells were transferred to enucleated in vitro matured oocytes. The reconstructed embryos were activated with two electrical stimuli of 700 to 800 V/cm for 50 µsec in Z i m m e r m a n n c e l l f u s i o n m e d i u m [ 1 6 ] supplemented with 0.01 % BSA (Sigma). They were then treated with calcium ionophore A23187 (Sigma) for 5 min and cycloheximide (Sigma) for 4 h. The reconstructed embryos were cultured for 8 d in modified CR1aa [17] supplemented with 5 % FBS and 25 mg/mL bovine linoleic acid-albumin (Sigma) at 39 C under an atmosphere of 5 % CO 2 in air with high humidity. Embryos that developed to the blastocyst stage were then transferred into recipient cows (Japanese Black and Holstein). Liveborn offspring (somatic cell clones) were housed and fed under standard conditions. These procedures produced two clones, one of each sex, that were eventually used in our experimental mating program.
DNA analyses
The DNAs of presumptive clones and their nuclear donors were screened for discrepancies in their genotypes using 13 microsatellite markers [18] . In brief, genomic DNA was isolated from blood using a GenomicPrep Blood DNA Isolation 
Production of a calf from a cloned dam and sire
Semen was collected (with an artificial vagina) from a cloned bull. Semen samples with ≥70% progressively motile spermatozoa were used for freezing [19] . In brief, a two-fold dilution of the semen was performed using extender with 20% egg yolk pre-warmed to 32.5 C. The mixture was subsequently cooled for 2 h at 4 C and 7% glycerol was added. Semen was loaded into 0.5 mL plastic straws (50 million spermatozoa/straw), frozen using a programmable freezer (IceCube 1810; SY-LAB Geräte, Neupurkersdorf, Austria), and subsequently stored in liquid nitrogen until being used for AI [6] . The frozen-thawed semen was used to artificially inseminate a sexually mature somatic cell cloned cow in estrus. A female calf, obtained with a single application of AI, was used for this study.
Production of full siblings by mating nuclear donors
The cow used as the nuclear donor for the cloned dam was induced to superovulate [20] . In brief, on day 9 (day 0 was the day of estrus) after estrus, superovulation was initiated by six intramuscular injections of FSH (Antolin R10; Kawasaki-Mitaka Pharmaceutical, Kawasaki, Japan ) for a total dose of 24 AU (armour unit) [21] . The total dose was split into doses of 5, 5, 4, 4, 3 and 3 AU with a 12-h interval between injections. Estrus was induced by two injections of PGF2alpha (Panacelan Hi; Daiichi Fine Chemical, Takaoka, Japan) on the 3 rd day of FSH injections. A total dose of 250 µg was divided into doses of 150 µg in the morning and 100 µg in the afternoon. AI was carried out twice on a female nuclear donor, at 12 and 24 h after the recognition of standing estrus, with frozen-thawed semen collected from a nuclear donor sire. Semen collection and freezing were carried out as described above. On day 7 (day 0 was the day of AI), embryos were recovered from the female n u c l e a r d o n o r b y c e r v i c a l f l u s h i n g . Morphologically normal embryos were frozen and stored for the embryo transfer trial using a standard procedure [22] . In brief, each embryo in PBS (Gibco) containing 10 % calf serum (Gibco) and 1.5 M ethylene glycerol (Sigma) was transferred to a 0.25 mL plastic straw. The embryos were frozen using a programmable freezer (ET-1N; Fujihira Industry, Tokyo, Japan) and stored in liquid nitrogen until required for transfer. The straws were thawed at 37 C, and single embryos were transferred into individual recipient cows. Seven female newborns, which were full siblings of the calf obtained by mating the cloned animals, were obtained and used for this study.
Birth weights and postnatal growth of the calf of clones and its full siblings
The birth weights of the daughter of clones and of the seven full siblings were recorded and compared. The body weights and shoulder heights of all eight animals were measured once a week for a year.
Examination of the clones and the offspring for normality
Various assessments were carried out to investigate whether the clones and their calf were normal, including telomere lengths, clinical examination, hematology, and serum biochemistry analysis. In brief, telomere lengths were analyzed in lymphocyte DNA (prepared as described above) by southern hybridization using a telomere-specific oligonucleotide probe [23] . In the clinical examination, body weights, rectal temperatures, respiratory frequency, and pulse rates were m e a s u r e d . T h e h e m a t o l o g y a n a l y s i s w a s performed by assessing hematocrits, the numbers of white blood cells, red blood cells, and platelets using a particle counter (Model PCE-170; Elma, Tokyo, Japan), and the hemoglobin levels. For the serum biochemistry, we assayed the concentrations of creatinine, alkaline phosphatase, blood urinary nitrogen, albumin, phosphorus, calcium, serum protein, and glucose using a Dry-Chem system (3500-V; Fuji Photo Film, Tokyo, Japan). Herd mates bred by AI and of similar status (e.g. sex, age and breed) to the cloned dam and sire and their calf were selected as controls. The same range of assessments, i.e. clinical examination, hematology, and serum biochemistry analyses, were also performed on these herd mates. Blood was taken from the jugular vein of cows and calves and from the caudal vein of bulls. Table 1 ). According to the breeding records, the cloned sire produced 17 progeny (ten females and seven males) in AI trials. The cloned dam used in this study was one of the recipients of AI of the cloned sire.
Results
Dam and sire clones
Since the animals used as nuclear donors originated from different farms, it was not possible to compare growth curves for body weight and shoulder height between nuclear donors and their clones. The analysis of microsatellite markers did not identify any discrepancies in lymphocyte DNA types between nuclear donors and their clones (data not shown). Telomere lengths were also normal in the dam and sire clones (data not shown). The dam and sire clones were healthy and fertile; the results of the clinical examination, hematology, and serum biochemistry analyses did not show any differences between these animals and their herd mates (
The calf produced by mating the dam and sire clones
The cloned dam gave birth to a female calf without our assistance. The gestation period (292 d) of the calf produced by the cloned dam was 11 d longer than the average of its seven full siblings ( Table 2 ). The calf had normal telomere lengths (data not shown) and showed no abnormalities in the clinical examination, hematology, and serum biochemistry analyses compared with the herd mates ( Table 1) . Although there was only one herd mate as a control, similar data was obtained between the calf and its herd mate ( Table 1 ). The calf produced by the clones continues to grow normally and has shown no serious health problems to date. It should be noted that this animal became pregnant at 18 mo of age after AI and is now in its fourth month of pregnancy.
Growth of the calf of clones and its full siblings
The birth weights of the calf of clones and of its full siblings of the same sex (produced from the nuclear donors) are shown in Table 2 . The birth weight of the calf of clones fell within the range of its seven full siblings. The growth characteristics of the calf of clones and its seven full siblings are shown in Figs. 1 and 2 . The increases in body weight and shoulder height of the calf of clones were similar to those of its full siblings. Both the calf of clones and its full siblings showed increases in body weight and shoulder height that fell within the standard growth range of Japanese Black beef cows [24] .
Discussion
The mating of a cloned dam and sire of the Japanese Black breed produced a calf whose birth weight (28.7 kg) was within the normal rage (23.9-35.9 kg) for Japanese Black breed cows [24] . In Holstein cattle, the birth weights of 26 progeny produced by mating cloned cows and bulls likewise fell within the normal range (43.9 ± 4.1 kg, mean ± SD) [12] . These observations would suggest that large offspring syndrome was not a problem among the progeny of pairs of clones in these studies. When the results of routine serum biochemistry and hematology of the Japanese Black breed calf produced here were compared with those of its herd mate, no abnormal values were found in either animal. Similarly, analysis of piglets produced by mating pairs of cloned pigs did not reveal any abnormal values in the serum biochemistry results for creatinine, alkaline phosphatase, blood urinary nitrogen, albumin, phosphatase, calcium, serum protein, or glucose [13] . These results appear to support the hypothesis that the progeny of pairs of clones are similar to those of naturally bred animals. Thus, these findings in cattle and pigs support the concept that a pair of cloned animals could be used for animal breeding as the resulting progeny would be expected to be normal.
With regard to growth performance, the present study shows that the growth curves for body weight and shoulder height of the calf of clones were within the range of its full siblings produced by crossing the animals used as nuclear donors. To the best of our knowledge, this is the first report showing similar growth performance between the offspring of cloned parents and its full siblings. Although the sample size was limited, our observations support the premise that progeny produced by mating clones could be expected to have the same phenotypes as those of full siblings produced by mating the animals used as nuclear donors. Moreover, it is a relatively simple matter using microsatellite marker analyses to verify that clones and their nuclear donors have identical genotypes [25, 26] . Thus it would be feasible to use somatic cell cloned cattle as genetic copies of nuclear donors in a breeding program. Taken together, the dream of mass production of semen by cloning elite sires may come true. This approach could have immediate application to the mass production of semen from the Japanese Black beef breed (referred to as "Wagyu" in Japanese), a breed characterized by a high degree of marbling in its beef. Semen of elite Wagyu sires for AI is very expensive due to a shortage in production compared to the high demand of farmers. Moreover, somatic cell nuclear transfer technology would benefit animal breeding by enabling the use of infertile genetic resources, such as castrated or ovariectomized cattle, that are meat marbling or milking contest champions.
However, when cloned animals are used for agricultural purposes, it will be important to gain social and regulatory acceptance of these animals and their food products [10] . Some data has been collected concerning the food safety of meat and milk produced from cloned cattle [27] [28] [29] . This information will be invaluable for risk assessment of such food products [30] . Improvement Association of Japan for providing frozen semen derived from the somatic cell cloned bull.
